Introduction
============

Hypertension is an important risk factor in cardiovascular disease and is associated with high mortality and morbidity rates.^[@bib1]^ The disease affects \~1 billion people worldwide.^[@bib2]^ In Asian countries, the prevalence of hypertension ranges from 20 to 35%.^[@bib3],\ [@bib4]^ This emphasizes the importance of effectively lowering blood pressure (BP) in patients with hypertension.

The primary goal of antihypertensive therapy is to improve BP control and reduce the long-term risk of cardiovascular morbidity and mortality.^[@bib2],\ [@bib5],\ [@bib6]^ In Japan, the 2009 Japanese Society of Hypertension (JSH) guidelines recommend that systolic BP (SBP) and diastolic BP (DBP) are lowered to \<130/85 mm Hg in nonelderly patients (age \<65 years), to \<140/90 mm Hg in elderly patients (⩾65 years) and to \<130/80 mm Hg in patients with diabetes mellitus (DM), chronic kidney disease (CKD) or prior myocardial infarction (pMI).^[@bib6]^ This may be achieved by using several antihypertensive drug classes, including calcium channel blockers (CCBs), angiotensin II receptor blockers, angiotensin-converting enzyme inhibitors, diuretics and β-blockers.^[@bib6]^ Despite the availability of effective antihypertensive therapies and the importance of achieving a good BP control, many Japanese patients with hypertension do not achieve the JSH targets. In J-HOME study,^[@bib7]^ \~60% of patients did not achieve the targets for office-measured (\<140/90 mm Hg) and home-measured (\<135/85 mm Hg) BP. Similar results were also reported in an observational study of target BP achievement rates in patients from Fukushima Prefecture, Japan.^[@bib8]^

Nifedipine is a dihydropyridine CCB with a predominant vasodilatory activity that was originally marketed as an immediate-release capsule formulation. Modified-release formulations that prolong the release of nifedipine have since been developed for clinical use.^[@bib9]^ In addition, a controlled-release (CR) tablet formulation of nifedipine (Adalat; BAY a 1040 CR tablet; Bayer Yakuhin, Osaka, Japan) was developed in Japan. This formulation of nifedipine retains the antihypertensive effects, reduces side effects and improves compliance with once daily (quaque die; QD) administration.^[@bib10],\ [@bib11]^ At the time we designed this study, the maximum approved dose of CR nifedipine for hypertensive patients was 40 mg per day in Japan, which has since been increased to 80 mg per day for patients with hypertension or 60 mg per day in patients with angina. The efficacy of the increased dose of CR nifedipine was demonstrated in a recent study, in which BP control was improved by CR nifedipine monotherapy at 80 mg per day \[40 mg bis in die (BID; twice daily)\] in patients with uncontrolled essential hypertension.^[@bib12]^ More recently, a phase III trial demonstrated superior antihypertensive efficacy of nifedipine 80 mg per day (40 mg BID) vs nifedipine 40 mg per day in Japanese patients with essential hypertension as monotherapy.^[@bib13]^ Furthermore, administration of 20--40 mg of CR nifedipine in combination with other antihypertensive drugs is effective for the treatment of essential hypertension.^[@bib14],\ [@bib15]^ Indeed, treatment guidelines suggest that combination therapy with ⩾2 antihypertensive drugs is often required to achieve BP control, with CCBs being recommended in most of the preferred combinations.^[@bib5],\ [@bib6]^

In the past, Furberg *et al.*^[@bib16]^ suggested that high dosage administration of nifedipine increased mortality in patients with coronary heart disease. The large clinical trials with long-acting CCB^[@bib17]^ or CR CCB^[@bib18]^ in standard dosage did not show the increase of cardiovascular event rate or mortality. Thus the long-term safety and efficacy of high-dose CR nifedipine (80 mg per day) in prospective design and in combination with other hypertensive drugs are particularly important.

Therefore, we conducted a long-term (52-week), open-label study of Japanese patients with poorly controlled essential hypertension despite treatment with nifedipine (40 mg per day) in combination with other antihypertensive drugs. Our aim was to investigate the safety and efficacy of increasing the dose of CR nifedipine to 80 mg per day (40 mg BID).

Methods
=======

Study design
------------

This study was a phase III, 52-week, open-label study conducted across four centers in Japan. At visit 1 (week −2), eligible patients started treatment with CR nifedipine (40 mg QD) in the morning together with their prior antihypertensive drug for 2 weeks. At the end of this period (that is, week 0/visit 2), the patients started taking CR nifedipine (40 mg BID) in the morning and evening every day for 52 weeks. The use of other antihypertensive drugs and their dosages were to be kept as stable as possible, although changes were permitted if needed. In the event of excessive hypotension or other adverse events (AEs), the doses of the other antihypertensive drugs could be reduced, or the drugs discontinued. If hypotension or AEs persisted despite discontinuation of the other antihypertensive drugs, the nifedipine dose was reduced to 40 mg QD. Visits were scheduled at weeks −2, 0, 2, 4, 6 and 8, and then every 4 weeks thereafter.

This study was registered at [www.ClinicalTrials.gov](http://www.ClinicalTrials.gov) (identification number: NCT01294215). The study was conducted in accordance with the ethical principles of the Declaration of Helsinki and the International Conference on Harmonization guideline E6: Good Clinical Practice. The protocol for the study was reviewed and approved by each study site\'s Independent Ethics Committee or Institutional Review Board before starting the study. All patients provided a written informed consent before the enrolment.

Patients
--------

Patients were eligible if they satisfied the following criteria: age ⩾20 years; essential hypertension; treatment with nifedipine (40 mg QD) and one or more antihypertensive drugs other than a CCB for ⩾4 weeks before week −2; mean sitting DBP (msDBP) at weeks −2 and 0 of ⩾90 mm Hg in elderly patients, ⩾85 mm Hg in nonelderly patients, or ⩾80 mm Hg in patients with DM, (CKD) or pMI; and an absolute difference in msDBP of \<10 mm Hg between weeks −2 and 0. Patients with severe hypertension (msDBP ⩾110 mm Hg or mean sitting SBP (msSBP) ⩾180 mm Hg), secondary hypertension, hypertensive emergency or a history of cardiovascular or cerebrovascular ischemic events within 6 months, intracranial or subarachnoid hemorrhage within 6 months, hematopoietic dysfunction, malignant tumor, cardiogenic shock, congestive heart failure, aortic stenosis, mitral stenosis, pulmonary hypertension, alcoholism or drug abuse, having dialysis, liver dysfunction, renal dysfunction or human immunodeficiency virus infection were excluded from the study. Pregnant or nursing women were also excluded.

Safety assessments
------------------

Safety assessments consisted of the monitoring and recording of all AEs, electrocardiography measures and laboratory tests. AEs that occurred after the patient gave the informed consent until the end of the treatment period were recorded in clinical report forms, and their severity and relationship to the study drug were determined by the investigator. AEs included abnormal laboratory or physical findings, symptoms or diseases that occurred after providing the informed consent. Deteriorations in pre-existing medical conditions were also considered AEs. Pre-existing conditions that did not deteriorate during the treatment were recorded in the patient\'s medical history. Surgery conducted during treatment was not considered an AE if the procedure was planned before the patient enrolled in the study. Treatment-emergent AEs (TEAEs) were defined as AEs that occurred after starting the treatment with the study drug and within 30 days after the last dose of the study drug. AEs and drug-related AEs were classified using the Medical Dictionary for Regulatory Activities (MedDRA) Version 14.1.

Other safety assessments included a 12-lead electrocardiography, which was conducted at weeks 0, 24 and 52. Laboratory tests (hematology, clinical chemistry and urinalysis) were conducted at weeks −2, 4, 12, 24, 36 and 52.

Efficacy assessments
--------------------

Efficacy variables included the changes from baseline in trough sitting DBP/SBP (that is, DBP/SBP before morning drug administration), the proportions of patients achieving the BP targets recommended in the JSH 2009 guidelines,^[@bib6]^ responder rates (reduction in DBP of \>10 mm Hg from baseline), or achievement of the DBP and SBP targets recommended in the JSH 2009 guidelines,^[@bib6]^ and the changes from baseline in trough pulse rate (that is, pulse rate before morning drug administration). On the basis of the target BP level recommended by JSH 2014 guidelines,^[@bib19]^ achievement rate for elderly patients aged 75 or over (\<150/90 mm Hg) and nonelderly patients without DM or CKD (\<140/90 mm Hg) were also evaluated.

Statistical analysis
--------------------

Continuous variables are expressed as the mean±s.d. at each visit and for changes over time. Frequency tables were generated for categorical or qualitative variables and data are presented as the *n* (%). The changes in DBP, SBP and pulse rate from week 0 to the last available visit (LAV) were evaluated by using paired *t*-tests, and *P*\<0.05 was considered statistically significant. The BP achievement/response rates were calculated for all patients, and in subgroups of patients divided by age (\<65 vs ⩾65 years) and the presence of concomitant disease (DM, CKD or pMI). The analyses of changes in DBP, SBP and pulse rate were conducted *post hoc*. All statistical analyses were performed by using SAS Release 9.1 (SAS Institute, Cary, NC, USA).

Results
=======

Patient demographics and baseline characteristics
-------------------------------------------------

A total of 82 patients were enrolled and 10 patients did not complete the baseline treatment phase ([Figure 1](#fig1){ref-type="fig"}). Of 72 patients who completed the baseline treatment period and entered the long-term combination treatment period (52 weeks), 52 (72.2%) completed the study. The main reasons for discontinuation were protocol violation (*n*=11), discontinuations because of AEs (*n*=3), protocol-driven decisions (that is, patients who discontinued study drug administration because of a failure to achieve the target BP set out in the study protocol; *n*=3), withdrawal of consent (*n*=2) and loss to follow-up (*n*=1) ([Figure 1](#fig1){ref-type="fig"}). The baseline characteristics of the patients are presented in [Table 1](#tbl1){ref-type="table"}. The mean age was 58.7 years, the mean duration of hypertension was 11.4 years and the baseline msSBP/msDBP was 150.5/93.5 mm Hg. Overall, 73.6% of patients were nonelderly (aged \<65 years), 63.9% of patients were past or current smokers, 34.7% had DM and 2.8% had pMI.

Concomitant antihypertensive drugs that were being used at the baseline included ARBs (73.6%), diuretics (22.2%), β-blockers (20.8%), angiotensin-converting enzyme inhibitors (8.3%), renin inhibitors (6.9%) and α-blockers (2.8%) ([Table 2](#tbl2){ref-type="table"}). The proportion of patients who received ⩾2 concomitant antihypertensive drugs was 23.6%.

Safety
------

Drug-related TEAEs occurred in 29.2% of patients ([Table 3](#tbl3){ref-type="table"}). Tachycardia (6.9%) and gingival hypertrophy (4.2%) were the most common drug-related TEAEs. One case of orthostatic hypotension was also reported as a drug-related TEAE. Serious AEs were reported in three (4.2%) patients (acute myocardial infarction, cerebral hemorrhage and gallbladder stone, all of them were also serious TEAEs). One acute myocardial infarction case was drug-related serious AE. The majority of drug-related TEAEs were mild or moderate in intensity, with the exception of one event that was considered severe (acute myocardial infarction). Overall, three patients (4.2%) discontinued the study drug because of AEs, of whom two did so because of drug-related AEs (acute myocardial infarction and gingival hypertrophy). There were no deaths.

There were no clinically relevant differences in the incidences of TEAEs or drug-related TEAEs among subgroups of patients divided by sex, age (\< and ⩾65 years of age, among patients without DM, chronic renal disorder or pMI), body weight and medical status (patients with DM, chronic renal disorder or pMI).

The pulse rate increased by 3.8 beats  per min from baseline to week 6, but then returned to and stayed at the baseline level for the remainder of the long-term treatment period ([Figure 2a](#fig2){ref-type="fig"}). The mean pulse rate was 76.7±12.5 beats  per min at week 0 and 76.9±12.3 beats  per min at the LAV (*P*=0.8923, paired *t*-test).

Efficacy
--------

One patient was excluded from this efficacy analysis owing to inadequate efficacy data. The msDBP and msSBP decreased to 81.8±9.8 mm Hg and 133.5±14.8 mm Hg, respectively, by week 2 of treatment with CR nifedipine at 80 mg per day, and these levels were maintained throughout the 52-week treatment period ([Figure 2b](#fig2){ref-type="fig"}). The reductions in msDBP (−11.6±8.3 mm Hg from baseline) and msSBP (−16.8±14.2 mm Hg from baseline) were observed from week 2. msDBP decreased significantly from 93.5±7.0 mm Hg at the baseline to 80.4±8.4 mm Hg at the LAV (*P*\<0.0001, paired *t-*test). msSBP also decreased significantly from 150.6±17.1 mm Hg at baseline to 131.4±12.4 mm Hg at the LAV (*P*\<0.0001, paired *t*-test). Among patients with data at week 52, the mean reductions in msDBP and msSBP from baseline were −13.6±8.1 and −19.4±13.1 mm Hg, respectively.

Among patients with data at week 52, the target BP achievement rate at the end of the long-term treatment period was 32.4% (23/71 patients) ([Figure 3](#fig3){ref-type="fig"}). Among patients without concomitant diseases (that is, DM or pMI), the target BP achievement rates were 58.3% (7/12) in elderly patients and 35.3% (12/34) in nonelderly patients. Overall, 16.0% (4/25) of patients with any concomitant disease (DM or pMI) achieved the target BP ([Figure 3](#fig3){ref-type="fig"}). According to the JSH 2014 guidelines, 100% (4/4) of elderly aged 75 or over and 77.3% (34/44) of subjects under the age of 75 without DM were achieved the target BP.

The overall BP response rate at the end of the long-term treatment period was 63.4% (45/71 patients) ([Figure 3](#fig3){ref-type="fig"}). Furthermore, BP responder rates in elderly patients, nonelderly patients and patients with concomitant diseases (DM or pMI) were 91.7% (11/12 patients), 61.8% (21/34) and 52.0% (13/25), respectively ([Figure 3](#fig3){ref-type="fig"}).

Discussion
==========

In Japan, CCBs such as nifedipine are among the most frequently prescribed antihypertensive agents because of their established BP-lowering efficacy and their ability to maintain BP control.

The results of a long-term (52-week) safety study of CR nifedipine at a dose of 40 mg per day have been reported.^[@bib20]^ Clinical trials have also demonstrated that CR nifedipine is well tolerated when administered in combination with candesartan or valsartan,^[@bib14],\ [@bib15]^ for 16 weeks long at the dose of 20--40 mg per day. More recently, a small-scale retrospective study of patients with a poorly controlled essential hypertension despite antihypertensive therapy showed that administration of CR nifedipine at 80 mg per day monotherapy was well tolerated over 24 months of follow-up.^[@bib12]^ A phase III trial of CR nifedipine 80 mg per day monotherapy^[@bib13]^ also demonstrated the short-term efficacy and safety.

In the past, a meta-analysis, published by Furberg *et al.*,^[@bib16]^ suggested that high dosage administration of short-acting nifedipine increased mortality in patients with coronary heart disease. Two large clinical trials with standard dose of long-acting CCB^[@bib17]^ or CR CCB^[@bib18]^ did not show such increased mortality, indicating the importance of pharmacokinetics of CCB.

Thus, all together, it is of value to show the long-term safety and effectiveness of 80 mg per day CR nifedipine in combination with other hypertensive drugs in prospective cohort.

In the present study, we found that this dose of CR nifedipine was well tolerated and lowered BP quickly and in a sustained manner for 52 weeks. The majority of drug-related TEAEs were mild or moderate in severity. Concomitant administration of other antihypertensive agents did not appear to affect the long-term tolerability of CR nifedipine administered at 80 mg per day.

Long-term administration of CR nifedipine (80 mg per day) in combination with other antihypertensive agents effectively reduced BP, with effects that were sustained for 52 weeks. These results confirm those of a recent retrospective study that reported similar reductions in BP over 6 months of treatment (−15.9/−6.7 mm Hg) with CR nifedipine at 80 mg per day in patients with uncontrolled essential hypertension.^[@bib12]^

In a nationwide study, 30--50% of patients receiving antihypertensive therapy achieved the target BP level; however, the hypertensive patients with DM showed a significantly lower achievement rate (target BP 140/90 mm Hg; non DM 36.9%, DM 32.5%, *P*\<0.001 and Target BP 130/80 mm Hg; non DM 13.1%, DM 11.3%, *P*\<0.05)^[@bib21]^ In other reports, the achievement rate was 32.2% in nonelderly patients, and just 25.0% in high-risk patients, even though they required a strict BP control and had low BP targets (for example, \<130/80 mm Hg for patients with DM or CKD).^[@bib22],\ [@bib23],\ [@bib24]^ However, the low proportion of responders among nonelderly patients is perhaps unsurprising because in JSH 2009 guidelines, the target BP is lower in these patients (\<130/85 mm Hg) than in older patients with hypertension (\<140/90 mm Hg).^[@bib7]^ In fact, the achievement rate was 77.3% based on the target BP level of JSH 2014 guidelines (\<140/90 mm Hg). In our study, the BP responder rates were over 50% in each of the subgroups of patients, although the achievement rate was somewhat lower in the high-risk group of patients with concomitant diseases (DM or pMI) than in lower-risk groups of elderly or nonelderly patients without these diseases.

And the treatment guidelines for hypertension suggest that the majority of patients with hypertension will require treatment with two or more antihypertensive drugs for an adequate BP control.^[@bib5],\ [@bib6]^

Therefore, a comprehensive BP control, together with lifestyle interventions and the management of concomitant diseases or other risk factors is essential in high-risk patients, and it is important to select the most appropriate treatment, including drug selection, for the individual patient.

Because the primary objective of this study was assessing the long-term safety of CR nifedipine at 80 mg per day in combination with other antihypertensive drugs, the sample size was not estimated for detecting the efficacy of CR nifedipine in combination with antihypertensive drugs. Nevertheless, we observed nominally significant changes in DBP and SBP from week 0 to the LAV.

The relatively small sample size of this study did not allow us to reach clear conclusions on the safety and efficacy of nifedipine in the subgroups of patients (that is, elderly patients and patients with concomitant diseases), or to comprehensively assess the significance of changes in efficacy variables. The primary objective of this study was the long-term safety of CR nifedipine (80 mg per day) in essential hypertension treated with CR nifedipine (40 mg per day) in combination with other antihypertensive drugs. Thus this study had no control group such as patients continuing 40 mg per day CR nifedipine or another antihypertensive agent. This would be another limitation of this study. Accordingly, it is not possible to confirm that the improvements in BP were solely because of the administration of the study drug, or whether other study-related factors contributed to these improvements. Considering these limitations, there is a need for larger, well-controlled clinical trials to confirm the findings of this report, especially in 'real-world\' clinical settings. Studies are also needed to assess the effects of CR nifedipine on home-measured BP and ambulatory BP monitoring, as well as provide direct comparisons with other high-dose antihypertensive agents.

In conclusion, long-term administration of CR nifedipine at a dose of 80 mg per day was well tolerated when used in combination with other antihypertensive agents in these Japanese patients with essential hypertension. We observed marked reductions in BP within 2 weeks of treatment. Notably, these improvements were sustained for 52 weeks. Taken together, these results indicate that a high daily dose of CR nifedipine (80 mg per day) is a useful option for treating essential hypertension.
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![Changes in pulse rate (**a**) and mean sitting blood pressures (**b**) over time. \**P*\<0.0001 at the last available visit vs week 0 (one-sample *t*-test; *post hoc* analysis).](hr201554f2){#fig2}
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###### Baseline characteristics of patients

  *Variable*                               *Value*
  -------------------------------------- ------------
  *N*                                         72
  Age, years                               58.7±9.5
  \<65 years, *n* (%)                     53 (73.6)
  ⩾65 years, *n* (%)                      19 (26.4)
  *Sex, n (%)*                           
   Male                                   53 (73.6)
   Female                                 19 (26.4)
                                               
  BMI (kg m^−2^)                           27.8±5.6
  msDBP (mm Hg)                            93.5±6.9
  msSBP (mm Hg)                           150.5±16.9
  Duration of hypertension, years         11.4±11.1
  *Smoking history, n (%)*               
   Non-smoker                             24 (33.3)
   Past or current smoker                 46 (63.9)
                                               
  *BP classification*                    
   Grade 1                                    38
   Grade 2                                    25
                                               
  Diabetes mellitus, *n* (%)              25 (34.7)
  Chronic kidney disease, *n* (%)          0 (0.0)
  Prior myocardial infarction, *n* (%)     2 (2.8)

Abbreviations: BMI, body mass index; msDBP, mean sitting diastolic blood pressure; msSBP, mean sitting systolic blood pressure.

BP classification: SBP 140--159 mm Hg and/or DBP 90--99 mm Hg as Grade 1 and SBP 160--179 mm Hg and/or DBP 100--109 mm Hg as Grade 2.

Data are presented as the mean±s.d. or *n* (%).

###### Concomitant antihypertensive agents used at the baseline

  *Antihypertensive agent*                *n* (%)
  --------------------------------------- -----------
  ARB                                     53 (73.6)
  ACEI                                    6 (8.3)
  Diuretics                               16 (22.2)
  β-blockers[a](#t2-fn2){ref-type="fn"}   15 (20.8)
  α-blockers                              2 (2.8)
  Renin inhibitors                        5 (6.9)
  Antiadrenergic agents                   0 (0.0)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blockers.

Includes dual α/β-blockers.

###### Adverse events

  *Description*                                               n *(%)*
  --------------------------------------------------------- -----------
  *n*                                                           72
  Any AE, *n* (%)                                            64 (88.9)
  Any TEAEs, *n* (%)                                         56 (77.8)
  Any SAEs, *n* (%)                                           3 (4.2)
  Any drug-related AEs, *n* (%)                              21 (29.2)
  Drug-related SAEs, *n* (%)                                  1 (1.4)
  Discontinuation of study drug because of AEs, *n* (%)       3 (4.2)
  Drug-related TEAEs, *n* (%)                                21 (29.2)
  *Drug-related TEAEs by MeDRA system organ class, n (%)*   
   Cardiac disorders                                          7 (9.7)
   Tachycardia                                                5 (6.9)
   Acute myocardial infarction                                1 (1.4)
   Ventricular extrasystoles                                  1 (1.4)
   Gastrointestinal disorders                                 6 (8.3)
   Gingival hypertrophy                                       3 (4.2)
   Constipation                                               2 (2.8)
   Diarrhea                                                   1 (1.4)
   General disorders and administration site conditions       3 (4.2)
   Feeling abnormal                                           1 (1.4)
   Edema                                                      1 (1.4)
   Peripheral edema                                           1 (1.4)
   Investigations                                             2 (2.8)
   Elevated gamma-glutamyltransferase                         1 (1.4)
   Glucose present in urine                                   1 (1.4)
   Metabolism and nutrition disorders                         2 (2.8)
   Diabetes mellitus                                          2 (2.8)
   Nervous system disorders                                   1 (1.4)
   Dizziness                                                  1 (1.4)
   Vascular disorders                                         2 (2.8)
   Orthostatic hypotension                                    1 (1.4)
   Flushing                                                   1 (1.4)

Abbreviations: AE, adverse event; MeDRA, Medical Dictionary for Regulatory Activities; SAEs, serious adverse events; TEAEs, treatment-emergent adverse events.
